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FIG. 2A 
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CLASS OF 12MER PEPTIDES THAT INHIBIT THE 
FUNCTION OF THE MITOTIC CHECK POINT 

PROTEIN MAD2 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to ?elds of molecular 
biology and cancer. More particular the present invention 
relates to methods of inhibiting the function of a mitotic 
checkpoint protein, Mad2, using peptides that bind to Mad2, 
designated herein as Mad2-Binding Peptides (MBPs). 

[0003] 2. Description of Related Art 

[0004] Tremendous progress has recently been made 
toWard understanding the molecular mechanism of chromo 
some segregation. After all sister-chromatids have achieved 
bipolar attachment to the mitotic spindle, a ubiquitin ligase 
called the anaphase-promoting complex (APC), tags the 
securin protein With poly-ubiquitin chains (Nasmyth, 1999; 
King et al., 1995; Yu et al., 1998; WaiZenegger et al., 2000). 
Degradation of the ubiquitinated securin by the 26S protea 
some in turn activates the proteolytic activity of a protease 
called separase (WaiZenegger et al., 2000; Uhlmann et al., 
2000). Proteolytic cleavage of a cohesin subunit by separase 
destroys the cohesion betWeen the sister-chromatids and 
triggers the onset of anaphase (Ciosk et al., 2000). 

[0005] To ensure the high-?delity transmission of the 
genetic material, the timing of sister-chromatid separation is 
closely monitored by the spindle assembly checkpoint, also 
knoWn as the mitotic checkpoint (Rudner et al., 1996; 
Straight et al., 1997; HardWick 1998). This checkpoint 
monitors for the proper attachment of chromosomes to the 
mitotic spindle and delays mitosis if this has not occurred 
correctly. The checkpoint senses the existence of kineto 
chores not yet occupied by microtubules (Gorbsky et al., 
1993; Li et al., 1995; Nicklas et al., 1995). A single unat 
tached kinetochore Within a cell is sufficient to trigger this 
checkpoint (Nicklas, 1997) to prevent the initiation of 
anaphase. Anaphase-promoting complex (APC) is the target 
of the spindle checkpoint (Burke, 2000; Clarke et al., 2000). 
Inhibition of APC by the checkpoint leads to the stabiliZa 
tion of securin and prevents the premature separation of 
sister-chromatids until the proper attachment of all kineto 
chores to the spindle. 

[0006] Several molecular components of this checkpoint 
pathWay have been identi?ed, including Mad1, Mad2, 
Mad3, Bub1, Bub2 and Bub3. These proteins Were initially 
identi?ed in S. cerevisiae; homologs of most of these 
proteins Were then found in other organisms including 
vertebrates (Hoyt et al, 1991; Li et al. 1991; Roberts et al., 
1994; HardWick et al., 2000; Chen et al., 1996; Li et al., 
1996; Taylor et al., 1997; Chen et al., 1998 Jin et al., 1998; 
Taylor et al., 1998). Interestingly, the vertebrate homologs of 
Mad1, Mad2, Bub1, and Bub3 localiZe to kinetochores 
during mitosis (Chen et al., 1996; Li et al., 1996; Taylor et 
al., 1997; Martinex-Exposito et al., 1999). In addition, a 
protein kinase called BubR1 that shares homology With both 
yeast Mad3 and Bub1, also resides on the kinetochores in 
mitosis (Taylor et al., 1998; Chan et al., 1998; Chan et al., 
1999). Subsequent genetic and biochemical studies have 
shoWn that, With the exception of Bub2, all these molecules 
are involved in delaying the onset of anaphase in the 
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presence of spindle damage and may partially account for 
the proper timing of chromosome segregation during normal 
mitosis (Taylor et al, 1997; Gardner et al., 2000). 

[0007] Several lines of evidence suggest that defects of the 
spindle assembly checkpoint contributes to malignant trans 
formation and tumorigenesis. First, the human Bub1 gene is 
mutated in human colorectal cancers, and Bub1 mutations 
may be responsible for the chromosomal instability and 
abnormal chromosome number (aneuploidy) observed in 
these tumors (Cahill et al., 1998). Second, mutations that 
inactivate murine homologs of Bub1 and Mad3 Were found 
in the tumors of BRCA2 (Breast Cancer 2)-de?cient mice. 
This implicates these mitotic checkpoint genes in the patho 
genesis of inherited breast cancer (Lee et al., 1999). Third, 
Mad2 is expressed at loWer levels in the breast cancer cell 
line T47D as compared to normal cells (Li et al, 1996). 
Finally, the viral oncoprotein Tax of human T cell leukemia 
virus type 1 (HTLV-1) binds to human Mad1 and compro 
mises mitotic checkpoint function; this may be important for 
viral transformation (Jin et al., 1998). Taken together, these 
data indicate that the mitotic checkpoint is inactivated in 
many human cancers through various mechanisms, suggest 
ing involvment in the frequent karyotypic abnormalities 
(aneuploidy) of tumor cells. 

SUMMARY OF THE INVENTION 

[0008] Thus, in one aspect of the invention, there is 
provided a method of inhibiting Mad2 function comprising 
contacting a Mad2 protein With a peptide that binds Mad2. 
The peptide may be 9 to about 20 residues in length. In 
speci?c embodiments, the peptide is 12 residues in length. 

[0009] The peptide comprises a core sequence represented 
by the formula X1X2X3X4X5X6X7X8X9, Wherein: X1 can be 
any amino acid; X2 and X3 are hydrophobic residues; X4 is 
a basic residue; X5 is a hydrophobic residue; and at least one 
of X6 to X9 is P. Yet further, the peptide may comprise at 
least tWo P at X6 to X9. The peptide may also comprise at 
least one other P. Exemplary amino acid sequences of the 
peptide comprises, but is not limited to QWYKLXGPP (SEQ 
ID N011), SWYSYPPPQRAV (SEQ ID N012), or DARI 
IKLPVPKP (SEQ ID N013). 

[0010] In order to achieve effective inhibition of Mad2 
protein function, the peptide may be present in a molar 
excess of Mad2, for example, but not limited to a 5-fold 
molar excess, a 10-fold molar excess, or a 100-fold molar 
excess. 

[0011] The peptide may be delivered to a cell comprising 
Mad2. In order to be delivered to a cell, the peptide may be 
encapsulated in a liposome. Yet further, a nucleic acid 
encoding the peptide and a promoter may be delivered to a 
cell comprising Mad2. The promoter may be selected from 
the group consisting of CMV IE, RSV, and SV40 large T. 
The nucleic acid may further comprise a polyadenylation 
signal. The nucleic acid may be part of a replicable vector, 
for example a viral vector such as retroviral vector, aden 
oviral vector, adeno-associated viral vector, vaccinia viral 
vector, herpesviral vector and polyoma viral vector. The 
peptide may also be linked to a nuclear targeting molecule, 
such as a SV40 nuclear localiZation signal. 
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[0012] Mad2 may be located in a cancer cell. The cancer 
cell may be further contacted With a DNA damaging agent, 
for example radiation such as x-irradiation, y-irradiation, 
uv-irradiation, and microWave irradiation. The cancer cell 
may also be treated With a microtubule inhibitor or an 

anti-mitotic agent. A speci?c microtubule inhibitor may be 
taxol. 

[0013] In another embodiment, there is provided a method 
of inhibiting Mad2 function comprising contacting a Mad2 
protein With a peptide-mimic that binds to Mad2. 

[0014] In still another embodiment, there is provided a 
method of inhibiting cancer cell proliferation comprising 
contacting a Mad2 protein With a peptide or peptide-mimic 
that binds to Mad2. Examples of cancer cells include, but are 
not limited to a prostate cancer cell, a breast cancer cell, a 

lung cancer cell, a brain cancer cell, a liver cancer cell, a 
pancreatic cancer cell, a stomach cancer cell, a colon cancer 
cell, an ovarian cancer cell, a testicular cancer cell, a head 
& neck cancer cell, a throat cancer cell and an esophageal 

cancer cell. In speci?c embodiments, after the peptide 
contacts the Mad2 protein, the cancer cell stops groWing, is 
killed, or is induced to undergo differentiation. 

[0015] In yet another embodiment, there is provided a 
method of treating cancer in a subject comprising adminis 
tering to cancer cells of the subject a peptide or peptide 
mimic that binds to Mad2. The subject is a human. Yet 
further, a second cancer therapy may also be administered to 
the patient. The second cancer therapy may be DNA or 
microtubule damaging agents, for example, ioniZing radia 
tion or a chemotherapeutic agent. Speci?cally, the second 
cancer therapy is taxol. 

[0016] In still a further embodiment, there is provided a 
method of screening for an anti-cancer agent comprising: 
providing a target polypeptide comprising at least the cdc20 
binding domain of Mad2; contacting the target polypeptide 
With a candidate substance; determining the binding of the 
candidate substance to the target polypeptide; and in case of 
positive target polypeptide binding, screening for an anti 
cancer effect. The candidate substance may be a peptide. The 
peptide may also be selected from a peptide library. Screen 
ing for an anti-cancer effect may comprise admixing the 
candidate substance With a cancer cell and measuring one or 

more characteristics of the cancer cell. For example, the 
characteristics may include cell groWth, cell viability, cell 
shape or cell differentiation. Screening for an anti-cancer 
effect may also comprise contacting an expression vector 
encoding the peptide With a cancer cell and measuring one 
or more characteristics of the cancer cell. The target peptide 
may be expressed on the surface of a phage. 

[0017] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description. It should be understood, hoWever, that 
the detailed description and the speci?c examples, While 
indicating preferred embodiments of the invention, are given 
by Way of illustration only, since various changes and 
modi?cations Within the spirit and scope of the invention 
Will become apparent to those skilled in the art from this 
detailed description. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The folloWing draWings form part of the present 
speci?cation and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these draWings in 
combination With the detailed description of speci?c 
embodiments presented herein. 

[0019] FIGS. 1A-B. Sequence alignment of Mad2-binding 
sequences. FIG. 1A shoWs the sequence alignment of the 
Mad2-binding sequences of Cdc20 from various organisms. 
(Hs, Homo Sapiens; DM, Drosophila; Sc, S. cerevisiae; Sp, 
S. pombe). FIG. 1B shoWs the identi?cation of Mad2 
binding peptides using phage display. 
[0020] FIGS. 2A-B. Binding of MBP1 to Mad2 induces a 
dramatic conformational change. The structure of free Mad2 
is shoWn on in FIG. 2A While a tentative 3D model of 
Mad2-MBP1 is shoWn in FIG. 2B. 

[0021] FIGS. 3A-C. MBP1 blocks Mad2 function in vitro 
and in vivo. FIG. 3A shoWs that Mad2 inhibited the ubiq 
uitination activity of APC using cyclin B1 as a substrate 
(compare lanes 2 & 3). Addition of 100 pM MBP1 blocked 
the ability of Mad2 to inhibit APCcdcZO (lane 5) While a 
peptide containing the MBP1 sequence in reverse (MBP1 
rev) had no effects (lane 4). FIG. 3B-C shoWs that overex 
pression of GFP-Mad2 in HeLa cells caused an arrest in 
mitosis Whereas MBP1 counteracted the action of Mad2. 
HeLa cells Were transfected With GFP-Mad2 plasmids, 
together With either a plasmid encoding MBP1 (FIG. 3B) or 
MBPl-rev (FIG. 3C). Cells in mitosis are round While the 
cells in interphase are ?at. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0022] The biochemical function of Mad2 is relatively 
Well understood. Several lines of evidence have established 
that Mad2 binds directly to Cdc20, a WD40 repeat-contain 
ing protein that activates APC (Li et al., 1997; Fan et al., 
1998; Kim et al., 1998; HWang et al., 1998). Thus, Mad2 
prevents the activation of APC and is the most doWnstream 
component of this checkpoint pathWay. Among the other 
knoWn checkpoint proteins, Bub1 and BubR1 are protein 
kinases and both interact With Bub3, another WD-40 repeat 
containing protein (Taylor et al., 1998). Mad1 is a coiled 
coil protein and forms a tight complex With Mad2 through 
out the cell cycle (Chen et al., 1998; Kim et al., 1998). 

[0023] Experiments on mammalian cells have revealed 
tWo extraordinary features of the mitotic checkpoint. First, 
as a single unattached kinetochore can delay the onset of 
sister-chromatid separation, it must generate an inhibitory 
signal to block the activity of APC (Rieder et al., 1995). 
Moreover, this signal needs to be distributed throughout the 
cell to account for the inhibition of APC that is not associ 
ated With the unattached kinetochore (Shah et al., 2000). 

[0024] Second, one of the traits of the unattached kineto 
chores that the checkpoint senses may be the lack of tension 
exerted by microtubules (Li et al., 1995). This notion is 
further strengthened by the recent ?nding that the kinesin 
like motor, CENP-E, is an essential component of the 
mitotic checkpoint in mammalian cells and in Xenopus 
extracts (Abrieu et al., 2000 and Yao et al., 2000). CENP-E 
interacts directly With BubR1 in mitosis and this interaction 
is postulated to be a part of the force-sensing mechanism 
(Chan et al., 1999 and Yao et al, 2000). 
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[0025] The Mad2 protein is likely involved as the “Wait 
anaphase” signal. First, Mad2 and Mad1 localize to unat 
tached kinetochores (Li et al., 1996; Chen et al., 1998; and 
Chen et al., 1999). When the kinetochores are captured by 
microtubules, the concentrations of these proteins on the 
kinetochores drop sharply, suggesting that they play a direct 
role in generating the inhibitory signals. In contrast, the 
kinetochore localiZation of Bub1, BubR1, and Bub3 persists 
through anaphase (MartineZ-EXposito et al., 1999 and 
J ablonski et al., 1998). Second, Mad2 interacts directly With 
Cdc20 and inhibits the activity of APCcdczo in vitro (Fang et 
al., 1998). 
[0026] Mad2 turns over rapidly at the unattached kineto 
chores (HoWell et al., 2000). Therefore, the unattached 
kinetochores may serve as catalytic sites for the generation 
of the active Mad2 species, Which then diffuse aWay to 
inhibit APC. It is contemplated by the present invention that 
inhibition of Mad2 in cancer cells may result in improper 
chromosome segregation leading to apoptosis or cell death 
of the cancer cell. Using phage display, the inventors have 
identi?ed peptides that bind to Mad2 or as referred to herein 
as Mad2-binding peptides (MBPs). These MBPs are the ?rst 
knoWn inhibitors of a mitotic checkpoint protein. It is 
envisioned that these MBPs may represent novel anti-cancer 
drugs. Speci?c aspects of the invention are described beloW. 

[0027] 1. MBP Peptides or Polypeptides The peptide 
sequences for Mad2-binding peptides (MBPs) comprise 
peptides that range from 9 to 20 residues in length. The 
preferred length in the present invention is 12 residues. The 
peptides may be generated synthetically or by recombinant 
techniques. The peptides may be puri?ed according to 
knoWn methods, such as precipitation (e.g., ammonium 
sulfate), HPLC, ion eXchange chromatography, af?nity chro 
matography (including immunoaffinity chromatography) or 
various siZe separations (sedimentation, gel electrophoresis, 
gel ?ltration). 
[0028] A. Structural Features 

[0029] The polypeptide sequences of the Mad2-binding 
peptides (MBPs) possess a consensus motif. The core of the 
motif consists of tWo hydrophobic residues, a basic residue, 
and a third hydrophobic residue. The hydrophobic residues 
tend to be aromatic amino acids. This core motif is generally 
folloWed by a proline-rich sequence. In the present invention 
the, core sequence is represented by the formula 
X1X2X3X4X5X6X7X8X9. In speci?c embodiments, X1 can 
be any amino acid; X2 and X3 are hydrophobic residues; X4 
is a basic residue; X5 is a hydrophobic residue; and at least 
one of X6 to X9 is P. Particular peptides include 
QWYKLX?PP (SEQ ID NO:1), SWYSYPPPQRAV (SEQ 
ID N012) and DARIIKLPVPKP (SEQ ID N013). 

[0030] B. Amino Acid Design 

[0031] One skilled in the art realiZes that proteins or 
peptides can be engineered and utiliZed in place of the 
Wild-type or native protein or peptide as long as the designed 
protein or peptide maintains a similar structure, charge, and 
function of the Wild-type or native protein. The peptides of 
the present invention comprise a genus of peptides that have 
a core amino acid sequence represented by the formula 
contained herein. Thus, it is Within the skill in the art to alter 
the peptides in this genus to enhance their function, e.g., 
binding ability to Mad2 or to enhance their stability in vivo 
or in vitro. Contained herein are some rules that may be 
considered in the design of peptides Within this genus. 
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[0032] Substitutional variants typically contain the 
eXchange of one amino acid for another at one or more sites 

Within the protein, and may be designed to modulate one or 
more properties of the polypeptide, such as stability against 
proteolytic cleavage, Without the loss of other functions or 
properties. Substitutions of this kind preferably are conser 
vative, that is, one amino acid is replaced With one of similar 
shape and charge. Conservative substitutions are Well 
knoWn in the art and include, for eXample, the changes of: 
alanine to serine; arginine to lysine; asparagine to glutamine 
or histidine; aspartate to glutamate; cysteine to serine; 
glutamine to asparagine; glutamate to aspartate; glycine to 
proline; histidine to asparagine or glutamine; isoleucine to 
leucine or valine; leucine to valine or isoleucine; lysine to 
arginine; methionine to leucine or isoleucine; phenylalanine 
to tyrosine, leucine or methionine; serine to threonine; 
threonine to serine; tryptophan to tyrosine; tyrosine to 
tryptophan or phenylalanine; and valine to isoleucine or 
leucine. 

[0033] The folloWing is a discussion based upon changing 
of the amino acids of a peptide to create an equivalent, or 
even an improved, second-generation molecule. For 
eXample, certain amino acids may be substituted for other 
amino acids in a protein structure Without appreciable loss of 
interactive binding capacity With structures such as, for 
eXample, antigen-binding regions of antibodies or binding 
sites on substrate molecules. Since it is the interactive 
capacity and nature of a peptide that de?nes that peptide’s 
biological functional activity, certain amino acid substitu 
tions can be made in a protein sequence, and its underlying 
DNA coding sequence, and nevertheless obtain a peptide 
With like properties. It is thus contemplated by the inventors 
that various changes may be made in the DNA sequences 
coding the peptide Without appreciable loss of their biologi 
cal utility or activity, as discussed beloW. 

[0034] In making such changes, the hydropathic indeX of 
amino acids may be considered. The importance of the 
hydropathic amino acid indeX in conferring interactive bio 
logic function on a protein is generally understood in the art 
(Kyte and Doolittle, 1982). It is accepted that the relative 
hydropathic character of the amino acid contributes to the 
secondary structure of the resultant peptide, Which in turn 
de?nes the interaction of the peptide With other molecules. 

[0035] Each amino acid has been assigned a hydropathic 
indeX on the basis of their hydrophobicity and charge 
characteristics (Kyte and Doolittle, 1982), these are: isoleu 
cine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine 
(+2.8); cysteine/cystine (+2.5); methionine (+1.9); alanine 
(+1.8); glycine (—0.4); threonine (—0.7); serine (—0.8); tryp 
tophan (—0.9); tyrosine (—1.3); proline (—1.6); histidine 
(—3.2); glutamate (—3.5); glutamine (—3.5); aspartate (—3.5); 
asparagine (—3.5); lysine (—3.9); and arginine (—4.5). 

[0036] It is knoWn in the art that certain amino acids may 
be substituted by other amino acids having a similar hydro 
pathic indeX or score and still result in a peptide With similar 
biological activity, i.e., still obtain a biological functionally 
equivalent protein. In making such changes, the substitution 
of amino acids Whose hydropathic indices are Within :2 is 
preferred, those Which are Within :1 are particularly pre 
ferred, and those Within 10.5 are even more particularly 
preferred. 
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[0037] It is also understood in the art that the substitution 
of like amino acids can be made effectively on the basis of 
hydrophilicity. US. Pat. No. 4,554,101, incorporated herein 
by reference, states that the greatest local average hydro 
philicity of a protein, as governed by the hydrophilicity of its 
adjacent amino acids, correlates With a biological property 
of the protein. As detailed in US. Pat. No. 4,554,101, the 
folloWing hydrophilicity values have been assigned to amino 
acid residues: arginine (+3.0); lysine (+3.0); aspartate 
(+3.011); glutamate (+3.011); serine (+0.3); asparagine 
(+0.2); glutamine (+0.2); glycine (0); threonine (—0.4); pro 
line (—0.511); alanine (—0.5); histidine *—0.5); cysteine 
(—1.0); methionine (—1.3); valine (—1.5); leucine (—1.8); 
isoleucine (—1.8); tyrosine (—2.3); phenylalanine (—2.5); 
tryptophan (—3.4). 
[0038] It is understood that an amino acid can be substi 
tuted for another having a similar hydrophilicity value and 
still obtain a biologically equivalent and immunologically 
equivalent protein. In such changes, the substitution of 
amino acids Whose hydrophilicity values are Within 12 is 
preferred, those that are Within 11 are particularly preferred, 
and those Within 10.5 are even more particularly preferred. 

[0039] As outlined above, amino acid substitutions are 
generally based on the relative similarity of the amino acid 
side-chain substituents, for example, their hydrophobicity, 
hydrophilicity, charge, siZe, and the like. Exemplary substi 
tutions that take various of the foregoing characteristics into 
consideration are Well knoWn to those of skill in the art and 
include: arginine and lysine; glutamate and aspartate; serine 
and threonine; glutamine and asparagine; and valine, leucine 
and isoleucine. 

[0040] Another embodiment for the preparation of 
polypeptides according to the invention is the use of peptide 
mimetics. Mimetics are peptide containing molecules that 
mimic elements of protein secondary structure (Johnson et 
al., 1993). The underlying rationale behind the use of 
peptide mimetics is that the peptide backbone of proteins 
exists chie?y to orient amino acid side chains in such a Way 
as to facilitate molecular interactions, such as those of 
antibody and antigen. A peptide mimetic is expected to 
permit molecular interactions similar to the natural mol 
ecule. These principles may be used, in conjunction With the 
principles outline above, to engineer second generation 
molecules having many of the natural properties of MBPs, 
but With altered and even improved characteristics. 

[0041] C. Fusion Proteins 

[0042] A specialiZed kind of insertional variant is the 
fusion protein. This molecule generally has all or a substan 
tial portion of the native molecule, linked at the N- or 
C-terminus, to all or a portion of a second polypeptide. For 
example, fusions typically employ leader sequences from 
other species to permit the recombinant expression of a 
protein in a heterologous host. Another useful fusion 
includes the addition of a immunologically active domain, 
such as an antibody epitope, to facilitate puri?cation of the 
fusion protein. Inclusion of a cleavage site at or near the 
fusion junction Will facilitate removal of the extraneous 
polypeptide after puri?cation. Other useful fusions include 
linking of functional domains, such as active sites from 
enZymes, glycosylation domains, cellular targeting signals 
or transmembrane regions. There also may be instances 
Where a greater degree of intracellular speci?city is desired. 
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For example, With targeting nuclear proteins, RNA, DNA or 
cellular proteins or nucleic acids that are subsequently 
processed. Thus, one preferably uses localiZation sequences 
for such targets. 

[0043] LocaliZation sequences have been divided into 
routing signals, sorting signals, retention or salvage signals 
and membrane topology-stop transfer signals (Pugsley et al., 
1989). For example, there are signals to target the endoplas 
mic reticulum (Munro, et al., 1987; Hangejorden et al., 
1991), the nucleus (Lanford et al., 1986; Stanton et al., 1986; 
HarloW et al., 1985), the nucleolar region (Seomi et al., 
1990; Kubota et al., 1989; and Siomi et al., 1988), the 
endosomal compartment (Bakke et al., 1990), mitochondria 
(Pugsley et al., 1989) and liposomes (Letourneur et al., 
1992). 
[0044] One preferred nuclear targeting sequence may be 
the SV40 nuclear localiZation signal. 

[0045] D. Puri?cation of Proteins 

[0046] It may be desirable to purify MBPS, variants, 
peptide-mimics or analogs thereof. Protein puri?cation tech 
niques are Well knoWn to those of skill in the art. These 
techniques involve, at one level, the crude fractionation of 
the cellular milieu to polypeptide and non-polypeptide frac 
tions. Having separated the polypeptide from other proteins, 
the polypeptide of interest may be further puri?ed using 
chromatographic and electrophoretic techniques to achieve 
partial or complete puri?cation (or puri?cation to homoge 
neity). Analytical methods particularly suited to the prepa 
ration of a pure peptide are ion-exchange chromatography, 
exclusion chromatography; polyacrylamide gel electro 
phoresis; isoelectric focusing. A particularly ef?cient 
method of purifying peptides is fast protein liquid chroma 
tography or even HPLC. 

[0047] Certain aspects of the present invention concern the 
puri?cation, and in particular embodiments, the substantial 
puri?cation, of an encoded protein or peptide. The term 
“puri?ed protein or peptide” as used herein, is intended to 
refer to a composition, isolatable from other components, 
Wherein the protein or peptide is puri?ed to any degree 
relative to its naturally-obtainable state. Apuri?ed protein or 
peptide therefore also refers to a protein or peptide, free 
from the environment in Which it may naturally occur. 

[0048] Generally, “puri?ed” Will refer to a protein or 
peptide composition that has been subjected to fractionation 
to remove various other components, and Which composi 
tion substantially retains its expressed biological activity. 
Where the term “substantially puri?ed” is used, this desig 
nation Will refer to a composition in Which the protein or 
peptide forms the major component of the composition, such 
as constituting about 50%, about 60%, about 70%, about 
80%, about 90%, about 95% or more of the proteins in the 
composition. 

[0049] Various methods for quantifying the degree of 
puri?cation of the protein or peptide Will be knoWn to those 
of skill in the art in light of the present disclosure. These 
include, for example, determining the speci?c activity of an 
active fraction, or assessing the amount of polypeptides 
Within a fraction by SDS/PAGE analysis. A preferred 
method for assessing the purity of a fraction is to calculate 
the speci?c activity of the fraction, to compare it to the 
speci?c activity of the initial extract, and to thus calculate 
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the degree of purity, herein assessed by a “fold puri?cation 
number.” The actual units used to represent the amount of 
activity Will, of course, be dependent upon the particular 
assay technique chosen to folloW the puri?cation and 
Whether or not the expressed protein or peptide exhibits a 
detectable activity. 

[0050] Various techniques suitable for use in protein puri 
?cation Will be Well knoWn to those of skill in the art. These 
include, for example, precipitation With ammonium sul 
phate, PEG, antibodies and the like or by heat denaturation, 
folloWed by centrifugation; chromatography steps such as 
ion exchange, gel ?ltration, reverse phase, hydroxylapatite 
and af?nity chromatography; isoelectric focusing; gel elec 
trophoresis; and combinations of such and other techniques. 
As is generally knoWn in the art, it is believed that the order 
of conducting the various puri?cation steps may be changed, 
or that certain steps may be omitted, and still result in a 
suitable method for the preparation of a substantially puri 
?ed protein or peptide. 

[0051] There is no general requirement that the protein or 
peptide alWays be provided in their most puri?ed state. 
Indeed, it is contemplated that less substantially puri?ed 
products Will have utility in certain embodiments. Partial 
puri?cation may be accomplished by using feWer puri?ca 
tion steps in combination, or by utiliZing different forms of 
the same general puri?cation scheme. For example, it is 
appreciated that a cation-exchange column chromatography 
performed utiliZing an HPLC apparatus Will generally result 
in a greater “-fold” puri?cation than the same technique 
utiliZing a loW pressure chromatography system. Methods 
exhibiting a loWer degree of relative puri?cation may have 
advantages in total recovery of protein product, or in main 
taining the activity of an expressed protein. 

[0052] It is knoWn that the migration of a polypeptide can 
vary, sometimes signi?cantly, With different conditions of 
SDS/PAGE (Capaldi et al., 1977). It Will therefore be 
appreciated that under differing electrophoresis conditions, 
the apparent molecular Weights of puri?ed or partially 
puri?ed expression products may vary. 

[0053] High Performance Liquid Chromatography 
(HPLC) is characteriZed by a very rapid separation With 
extraordinary resolution of peaks. This is achieved by the 
use of very ?ne particles and high pressure to maintain an 
adequate ?oW rate. Separation can be accomplished in a 
matter of minutes, or at most an hour. Moreover, only a very 
small volume of the sample is needed because the particles 
are so small and close-packed that the void volume is a very 
small fraction of the bed volume. Also, the concentration of 
the sample need not be very great because the bands are so 
narroW that there is very little dilution of the sample. 

[0054] Gel chromatography, or molecular sieve chroma 
tography, is a special type of partition chromatography that 
is based on molecular siZe. The theory behind gel chroma 
tography is that the column, Which is prepared With tiny 
particles of an inert substance that contain small pores, 
separates larger molecules from smaller molecules as they 
pass through or around the pores, depending on their siZe. As 
long as the material of Which the particles are made does not 
adsorb the molecules, the sole factor determining rate of 
How is the siZe. Hence, molecules are eluted from the 
column in decreasing siZe, so long as the shape is relatively 
constant. Gel chromatography is unsurpassed for separating 
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molecules of different siZe because separation is indepen 
dent of all other factors such as pH, ionic strength, tempera 
ture, etc. There also is virtually no adsorption, less Zone 
spreading and the elution volume is related in a simple 
matter to molecular Weight. 

[0055] Af?nity Chromatography is a chromatographic 
procedure that relies on the speci?c af?nity betWeen a 
substance to be isolated and a molecule that it can speci? 
cally bind to. This is a receptor-ligand type interaction. The 
column material is synthesiZed by covalently coupling one 
of the binding partners to an insoluble matrix. The column 
material is then able to speci?cally adsorb the substance 
from the solution. Elution occurs by changing the conditions 
to those in Which binding Will not occur (alter pH, ionic 
strength, temperature, etc.). 
[0056] Aparticular type of affinity chromatography useful 
in the puri?cation of carbohydrate containing compounds is 
lectin affinity chromatography. Lectins are a class of sub 
stances that bind to a variety of polysaccharides and glyco 
proteins. Lectins are usually coupled to agarose by cyanogen 
bromide. Conconavalin A coupled to Sepharose Was the ?rst 
material of this sort to be used and has been Widely used in 
the isolation of polysaccharides and glycoproteins other 
lectins that have been include lentil lectin, Wheat germ 
agglutinin Which has been useful in the puri?cation of 
N-acetyl glucosaminyl residues and Helix pomatia lectin. 
Lectins themselves are puri?ed using af?nity chromatogra 
phy With carbohydrate ligands. Lactose has been used to 
purify lectins from castor bean and peanuts; maltose has 
been useful in extracting lectins from lentils and jack bean; 
N-acetyl-D galactosamine is used for purifying lectins from 
soybean; N-acetyl glucosaminyl binds to lectins from Wheat 
germ; D-galactosamine has been used in obtaining lectins 
from clams and L-fucose Will bind to lectins from lotus. 

[0057] The matrix should be a substance that itself does 
not adsorb molecules to any signi?cant extent and that has 
a broad range of chemical, physical and thermal stability. 
The ligand should be coupled in such a Way as to not affect 
its binding properties. The ligand should also provide rela 
tively tight binding. And it should be possible to elute the 
substance Without destroying the sample or the ligand. One 
of the most common forms of af?nity chromatography is 
immunoaffinity chromatography. The generation of antibod 
ies that Would be suitable for use in accord With the present 
invention is discussed beloW. 

[0058] E. Peptide Synthesis 

[0059] MBPs-related peptides may be generated syntheti 
cally for use in various embodiments of the present inven 
tion. Because of their relatively small siZe, the peptides of 
the invention can be synthesiZed in solution or on a solid 
support in accordance With conventional techniques. Various 
automatic synthesiZers are commercially available and can 
be used in accordance With knoWn protocols. See, for 
example, SteWart & Young, (1984); Tam et al, (1983); 
Merri?eld, (1986); Barany & Merri?eld (1979), each incor 
porated herein by reference. Short peptide sequences, or 
libraries of overlapping peptides, usually from about 6 up to 
about 35 to 50 amino acids, Which correspond to the selected 
regions described herein, can be readily synthesiZed and 
then screened in screening assays designed to identify 
reactive peptides. Alternatively, recombinant DNA technol 
ogy may be employed Wherein a nucleotide sequence Which 
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encodes a peptide of the invention is inserted into an 
expression vector, transformed or transfected into an appro 
priate host cell and cultivated under conditions suitable for 
expression. 

[0060] 2. MBP Nucleic Acids 

[0061] Important aspects of the present invention concern 
isolated DNA segments and recombinant vectors encoding 
MBPs and the creation and use of recombinant host cells 
through the application of DNA technology, that express a 
Wild-type, polymorphic or mutant MBPs and biologically 
functional equivalents thereof. 

[0062] The present invention concerns DNA segments, 
isolatable from mammalian cells, such as mouse, rat or 
human cells, that are free from total genomic DNA and that 
are capable of expressing a polypeptide or peptide. As used 
herein, the term “DNA segment” refers to a DNA molecule 
that has been isolated free of total genomic DNA of a 
particular species. Therefore, a DNA segment encoding 
MBPs refers to a DNA segment that contains Wild-type, 
polymorphic or mutant MBPs coding sequences yet is 
isolated aWay from, or puri?ed free from, total mammalian 
genomic DNA. Included Within the term “DNA segment” 
are DNA segments and also recombinant vectors, including, 
for example, plasmids, cosmids, phage, viruses, and the like. 
One skilled in the art realiZes that a polymorphic or mutant 
MBP is a biological functional equivalent of a MBP in that 
it binds to a mitotic checkpoint protein to inhibit its function 
resulting in improper segregation of chromosomes. 

[0063] It Will also be understood that amino acid and 
nucleic acid sequences may include additional residues, 
such as additional N- or C-terminal amino acids or 5‘ or 3‘ 
sequences, and yet still be essentially as set forth in one of 
the sequences disclosed herein, so long as the sequence 
meets the criteria set forth above, including the maintenance 
of biological protein, polypeptide or peptide activity Where 
an amino acid sequence expression is concerned. The addi 
tion of terminal sequences particularly applies to nucleic 
acid sequences that may, for example, include various 
non-coding sequences ?anking either of the 5‘ or 3‘ portions 
of the coding region or may include various internal 
sequences, i.e., introns, Which are knoWn to occur Within 
genes. 

[0064] 3. Mutagenesis 

[0065] In the design of peptides of the present invention, 
it may be necessary to utiliZe standard mutagenesis tech 
niques. Mutagenesis may be used to screen for variants or 
analogs of MBP or Mad2-binding peptides. It is also envi 
sioned that other peptides, variants or analogs thereof that 
bind to a different mitotic checkpoint protein may be isolated 
using standard mutagenesis techniques. 

[0066] A. Chemical mutagenesis 

[0067] Chemical mutagenesis offers certain advantages, 
such as the ability to ?nd a full range of mutant alleles With 
degrees of phenotypic severity, and is facile and inexpensive 
to perform. The majority of chemical carcinogens produce 
mutations in DNA. BenZo[a]pyrene, N-acetoxy-2-acetyl 
amino?uorene and a?otoxin B1 cause GC to TA transver 
sions in bacteria and mammalian cells. BenZo[a]pyrene also 
can produce base substitutions such as AT to TA. N-nitroso 
compounds produce GC to AT transitions. Alkylation of the 
O4 position of thymine induced by exposure to n-ni 
trosoureas results in TA to CG transitions. 

May 1, 2003 

[0068] B. In vitro Scanning Mutagenesis 

[0069] Random mutagenesis also may be introduced using 
error prone PCR (CadWell and Joyce, 1992). The rate of 
mutagenesis may be increased by performing PCR in mul 
tiple tubes With dilutions of templates. 

[0070] One particularly useful mutagenesis technique is 
alanine scanning mutagenesis in Which a number of residues 
are substituted individually With the amino acid alanine so 
that the effects of losing side-chain interactions can be 
determined, While minimiZing the risk of large-scale pertur 
bations in protein conformation (Cunningham et al., 1989). 

[0071] In recent years, techniques for estimating the equi 
librium constant for ligand binding using minuscule 
amounts of protein have been developed (Blackburn et al., 
1991; US. Pat. Nos. 5,221,605 and 5,238,808). The ability 
to perform functional assays With small amounts of material 
can be exploited to develop highly ef?cient, in vitro meth 
odologies for the saturation mutagenesis of antibodies. The 
inventors bypassed cloning steps by combining PCR 
mutagenesis With coupled in vitro transcription/translation 
for the high throughput generation of protein mutants. Here, 
the PCR products are used directly as the template for the in 
vitro transcription/translation of the mutant single chain 
antibodies. Because of the high efficiency With Which all 19 
amino acid substitutions can be generated and analyZed in 
this Way, it is noW possible to perform saturation mutagen 
esis on numerous residues of interest, a process that can be 
described as in vitro scanning saturation mutagenesis (Burks 
et al., 1997). 
[0072] In vitro scanning saturation mutagenesis provides a 
rapid method for obtaining a large amount of structure 
function information including: identi?cation of residues 
that modulate ligand binding speci?city, (ii) a better under 
standing of ligand binding based on the identi?cation of 
those amino acids that retain activity and those that abolish 
activity at a given location, (iii) an evaluation of the overall 
plasticity of an active site or protein subdomain, (iv) iden 
ti?cation of amino acid substitutions that result in increased 
binding. 
[0073] C. Random Mutagenesis by Fragmentation and 
Reassmbly 
[0074] A method for generating libraries of displayed 
polypeptides is described in US. Pat. No. 5,380,721. The 
method comprises obtaining polynucleotide library mem 
bers, pooling and fragmenting the polynucleotides, and 
reforming fragments therefrom, performing PCR ampli?ca 
tion, thereby homologously recombining the fragments to 
form a shuffled pool of recombined polynucleotides. 

[0075] D. Site-Directed Mutagenesis 

[0076] Structure-guided site-speci?c mutagenesis repre 
sents a poWerful tool for the dissection and engineering of 
protein-ligand interactions (Wells, 1996; Braisted et al, 
1996). The technique provides for the preparation and 
testing of sequence variants by introducing one or more 
nucleotide sequence changes into a selected DNA. 

[0077] Site-speci?c mutagenesis uses speci?c oligonucle 
otide sequences Which encode the DNA sequence of the 
desired mutation, as Well as a suf?cient number of adjacent, 
unmodi?ed nucleotides. In this Way, a primer sequence is 
provided With suf?cient siZe and complexity to form a stable 
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duplex on both sides of the deletion junction being traversed. 
Aprimer of about 17 to 25 nucleotides in length is preferred, 
With about 5 to 10 residues on both sides of the junction of 
the sequence being altered. 

[0078] The technique typically employs a bacteriophage 
vector that exists in both a single-stranded and double 
stranded form. Vectors useful in site-directed mutagenesis 
include vectors such as the M13 phage. These phage vectors 
are commercially available and their use is generally Well 
knoWn to those skilled in the art. Double-stranded plasmids 
are also routinely employed in site-directed mutagenesis, 
Which eliminates the step of transferring the gene of interest 
from a phage to a plasmid. 

[0079] In general, one ?rst obtains a single-stranded vec 
tor, or melts tWo strands of a double-stranded vector, Which 
includes Within its sequence a DNA sequence encoding the 
desired protein or genetic element. An oligonucleotide 
primer bearing the desired mutated sequence, synthetically 
prepared, is then annealed With the single-stranded DNA 
preparation, taking into account the degree of mismatch 
When selecting hybridiZation conditions. The hybridiZed 
product is subjected to DNA polymeriZing enZymes such as 
E. coli polymerase I (KlenoW fragment) in order to complete 
the synthesis of the mutation-bearing strand. Thus, a het 
eroduplex is formed, Wherein one strand encodes the origi 
nal non-mutated sequence, and the second strand bears the 
desired mutation. This heteroduplex vector is then used to 
transform appropriate host cells, such as E. coli cells, and 
clones are selected that include recombinant vectors bearing 
the mutated sequence arrangement. 

[0080] Comprehensive information on the functional sig 
ni?cance and information content of a given residue of 
protein can best be obtained by saturation mutagenesis in 
Which all 19 amino acid substitutions are examined. The 
shortcoming of this approach is that the logistics of multi 
residue saturation mutagenesis are daunting (Warren et al., 
1996, BroWn et al., 1996; Zeng et al., 1996; Burton and 
Barbas, 1994; Yelton et al, 1995; Jackson et al., 1995; Short 
et al., 1995; Wong et al, 1996; Hilton et al., 1996). Hundreds, 
and possibly even thousands, of site speci?c mutants must 
be studied. HoWever, improved techniques make production 
and rapid screening of mutants much more straightforWard. 
See also, US. Pat. Nos. 5,798,208 and 5,830,650, for a 
description of “Walk-through” mutagenesis. 

[0081] Other methods of site-directed mutagenesis are 
disclosed in US. Pat. Nos. 5,220,007; 5,284,760; 5,354,670; 
5,366,878; 5,389,514; 5,635,377; and 5,789,166. 

[0082] 4. Screening Assays 

[0083] The present invention also contemplates the 
screening of compounds, e.g., peptides, peptide-mimics, 
variants, analogs or small molecules, for various abilities to 
interact and/or affect expression or function of the mitotic 
checkpoint protein Mad2. Particularly preferred compounds 
Will be those useful in inhibiting the action of Mad2. The 
compound may inhibit Mad2 by binding to the Mad2 
protein. In the screening assays of the present invention, the 
candidate substance may ?rst be screened for basic bio 
chemical activity—e.g., binding to a target molecule (e.g., 
Mad2)—and then tested for its ability to inhibit function, at 
the cellular, tissue or Whole animal level. 
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[0084] A. Modulators 

[0085] The present invention provides methods of screen 
ing for modulators or inhibitors of Mad2 function. In an 
embodiment, the present invention is directed to a method 
of: 

[0086] (a) providing a target polypeptide comprising 
at least the cdc20 binding domain of Mad2; 

[0087] (b) contacting the target polypeptide With a 
candidate substance; 

[0088] (c) determining the binding of the candidate 
substance to the target polypeptide; and 

[0089] (d) in case of positive target polypeptide bind 
ing, screening for an anti-cancer effect. 

[0090] In still yet other embodiments, one Would look at 
the effect of a candidate substance as an anti-cancer agent. 
This can be done by examining cell groWth, cell viability, 
cell shape or cell differentiation. 

[0091] As used herein, the term “candidate substance” 
refers to any molecule that may potentially modulate Mad2 
expression or function. The candidate substance may be a 
peptide, or a small molecule inhibitor, or even a nucleic acid 
molecule. It may prove to be the case that the most useful 
pharmacological compounds Will be compounds that are 
structurally related to compounds Which interact naturally 
With Mad2. Creating and examining the action of such 
molecules is knoWn as “rational drug design,” and include 
making predictions relating to the structure of target mol 
ecules. 

[0092] The goal of rational drug design is to produce 
structural analogs of biologically active polypeptides or 
target compounds. By creating such analogs, it is possible to 
fashion drugs Which are more active or stable than the 
natural molecules, Which have different susceptibility to 
alteration or Which may affect the function of various other 
molecules. In one approach, one Would generate a three 
dimensional structure for a molecule like Mad2, and then 
design a molecule for its ability to interact With Mad2. 
Alternatively, one could design a partially functional frag 
ment of Mad2 (binding, but no activity), thereby creating a 
competitive inhibitor. This could be accomplished by x-ray 
crystallography, computer modeling or by a combination of 
both approaches. 

[0093] It also is possible to use antibodies to ascertain the 
structure of a target compound or inhibitor. In principle, this 
approach yields a pharmacore upon Which subsequent drug 
design can be based. It is possible to bypass protein crys 
tallography altogether by generating anti-idiotypic antibod 
ies to a functional, pharmacologically active antibody. As a 
mirror image of a mirror image, the binding site of anti 
idiotype Would be expected to be an analog of the original 
antigen. The anti-idiotype could then be used to identify and 
isolate peptides from banks of chemically- or biologically 
produced peptides. Selected peptides Would then serve as 
the pharmacore. Anti-idiotypes may be generated using the 
methods described herein for producing antibodies, using an 
antibody as the antigen. On the other hand, one may simply 
acquire, from various commercial sources, small molecule 
libraries that are believed to meet the basic criteria for useful 
drugs in an effort to “brute force” the identi?cation of useful 
compounds. Screening of such libraries, including combi 
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natorially generated libraries (e.g., peptide libraries), is a 
rapid and ef?cient Way to screen large number of related 
(and unrelated) compounds for activity. Combinatorial 
approaches also lend themselves to rapid evolution of poten 
tial drugs by the creation of second, third and fourth gen 
eration compounds modeled of active, but otherWise unde 
sirable compounds. One may also screen a mutageniZed 
population Where the starting material is a MBP or an MBP 
consensus sequence. 

[0094] Candidate compounds may include fragments or 
parts of naturally-occurring compounds or may be found as 
active combinations of knoWn compounds Which are other 
Wise inactive. It is proposed that compounds isolated from 
natural sources, such as animals, bacteria, fungi, plant 
sources, including leaves and bark, and marine samples may 
be assayed as candidates for the presence of potentially 
useful pharmaceutical agents. It Will be understood that the 
pharmaceutical agents to be screened could also be derived 
or synthesiZed from chemical compositions or man-made 
compounds. Thus, it is understood that the candidate sub 
stance identi?ed by the present invention may be a polypep 
tide, polynucleotide, small molecule inhibitor or any other 
compounds that may be designed through rational drug 
design starting from knoWn inhibitors of hypertrophic 
response. 

[0095] It Will, of course, be understood that all the screen 
ing methods of the present invention are useful in them 
selves notWithstanding the fact that effective candidates may 
not be found. The invention provides methods for screening 
for such candidates, not solely methods of ?nding them. 

[0096] B. In vitro Assays 

[0097] A quick, inexpensive and easy assay to run is a 
binding assay. Binding of a molecule to a target may, in and 
of itself, be inhibitory, due to steric, allosteric or charge 
charge interactions. This can be performed in solution or on 
a solid phase and can be utiliZed as a ?rst round screen to 
rapidly eliminate certain compounds before moving into 
more sophisticated screening assays. In one embodiment of 
this kind, the screening of compounds that bind to a Mad2 
molecule or fragment thereof is provided The target (e.g., 
Mad2) may be either free in solution, ?xed to a support, 
expressed in or on the surface of a cell. Either the target or 
the compound may be labeled, thereby permitting determin 
ing of binding. Competitive binding assays can be per 
formed in Which one of the agents is labeled. Usually, the 
target Will be the labeled species, decreasing the chance that 
the labeling Will interfere With the binding moiety’s func 
tion. One may measure the amount of free label versus 
bound label to determine binding or inhibition of binding. 

[0098] Atechnique for high throughput screening of com 
pounds is described in WO 84/03564. Large numbers of 
small peptide test compounds are synthesiZed on a solid 
substrate, such as plastic pins or some other surface. The 
peptide test compounds are reacted With, for example, Mad2 
and Washed. Bound polypeptide is detected by various 
methods. 

[0099] Puri?ed target can be coated directly onto plates for 
use in the aforementioned drug screening techniques. HoW 
ever, non-neutraliZing antibodies to the polypeptide can be 
used to immobiliZe the polypeptide to a solid phase. Also, 
fusion proteins containing a reactive region may be used to 
link an active region to a solid phase. 
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[0100] C. In cyto Assays 

[0101] Various cell lines that express Mad2 can be utiliZed 
for screening of candidate substances. Exemplary cell lines 
include, but are not limited to prostate cancer cells, breast 
cancer cells, lung cancer cells, brain cancer cells, liver 
cancer cells, pancreatic cancer cells, stomach cancer cells, 
colon cancer cells, ovarian cancer cells, testicular cancer 
cells, head & neck cancer cells, a throat cancer cell or 
esophageal cancer cells. 

[0102] Cell lines containing Wild-type, natural or mutated 
Mad2 may be engineered With indicators that can be used to 
study various functional attributes of candidate compounds. 
In such assays, the compound or MBP Would be formulated 
appropriately, given its biochemical nature, and contacted 
With a target cell. Then, various biochemical, molecular or 
physiological properties may be measured. For example, but 
not limited to, measuring binding activity, mRNA levels, 
protein levels, nuclear stability, nuclear degradation, cell 
stability, cell differentiation, cell shape, enZymatic path 
Ways, mitosis markers, chromosome degradation or apotot 
sis markers. 

[0103] In certain aspects of the present invention, cell 
lines may be engineered or transformed With tWo expression 
vectors, one expressing Mad2 and a second vector express 
ing an MBP. 

[0104] These cell lines Would be used to study the inter 
action of MBP With Mad2, inhibition of Mad2, viablity or 
proliferation of cells. It is also contemplated that cell lines 
that naturally contain Mad2 may be transfected With an 
expression vector containing an MBP. A lengthy discussion 
of expression vectors and methods of gene transfer therein 
is incorported into this section by reference. 

[0105] Depending on the assay, culture may be required. 
As discussed above, the cell may then be examined by virtue 
of a number of different physiologic assays (groWth, siZe, 
shape and differentiation). Alternatively, molecular analysis 
may be performed in Which the function of Mad2 and the 
candidate substance and related pathWays may be explored. 
This involves assays such as those for protein expression, 
protein function, substrate utiliZation, mRNA expression 
(including differential display of Whole cell or polyA RNA) 
and others. 

[0106] D. In vivo Assays 

[0107] The present invention particularly contemplates the 
use of various animal models. For example, various cancer 
animal models may be used to determine if the inhibition of 
Mad2 effects the viability and proliferation of the cancer 
cells. 

[0108] Treatment of these animals With test compounds 
Will involve the administration of the compound, in an 
appropriate form, to the animal. Administration Will be by 
any route the could be utiliZed for clinical or non-clinical 
purposes, including but not limited to oral, nasal, buccal, or 
even topical. Alternatively, administration may be by 
intratracheal instillation, bronchial instillation, intradermal, 
subcutaneous, intramuscular, intraperitoneal or intravenous 
injection. Speci?cally contemplated are systemic intrave 
nous injection, regional administration via blood or lymph 
supply. 
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[0109] 5. Engineering Expression Constructs 

[0110] In certain embodiments, the present invention 
involves the manipulation of genetic material to produce 
expression constructs that encode Mad2 binding peptide 
(MBP). Such methods involve the generation of expression 
constructs containing, for example, a heterologous DNA 
encoding the peptide of interest and a means for its expres 
sion, replicating the vector in an appropriate helper cell, 
obtaining viral particles produced therefrom, and infecting 
cells With the recombinant virus particles. 

[0111] A. Selectable Markers 

[0112] In certain embodiments of the invention, the thera 
peutic expression constructs of the present invention contain 
nucleic acid constructs Whose expression may be identi?ed 
in vitro or in vivo by including a marker in the expression 
construct. Such markers Would confer an identi?able change 
to the cell permitting easy identi?cation of cells containing 
the expression construct. Usually the inclusion of a drug 
selection marker aids in cloning and in the selection of 
transformants. For example, genes that confer resistance to 
neomycin, puromycin, hygromycin, DHFR, GPT, Zeocin 
and histidinol are useful selectable markers. Alternatively, 
enZymes such as herpes simplex virus thymidine kinase (tk) 
may be employed. Immunologic markers also can be 
employed. The selectable marker employed is not believed 
to be important, so long as it is capable of being expressed 
simultaneously With the nucleic acid encoding a gene prod 
uct. Further examples of selectable markers are Well knoWn 
to one of skill in the art and include reporters such as EGFP, 
[3-gal or chloramphenicol acetyltransferase (CAT). 

[0113] B. Control Regions 

[0114] Throughout this application, the term “expression 
construct” is meant to include any type of genetic construct 
containing a nucleic acid coding for the peptide of interest, 
such as a MBP. 

[0115] The nucleic acid encoding the peptide or MBP is 
under transcriptional control of a promoter. A “promoter” 
refers to a DNA sequence recogniZed by the synthetic 
machinery of the cell, or introduced synthetic machinery, 
required to initiate the speci?c transcription of a gene. The 
phrase “under transcriptional control” means that the pro 
moter is in the correct location and orientation in relation to 
the nucleic acid to control RNA polymerase initiation. 

[0116] The term promoter Will be used here to refer to a 
group of transcriptional control modules that are clustered 
around the initiation site for RNA polymerase II. Much of 
the thinking about hoW promoters are organiZed derives 
from analyses of several viral promoters, including those for 
the HSV thymidine kinase (tk) and SV40 early transcription 
units. These studies, augmented by more recent Work, have 
shoWn that promoters are composed of discrete functional 
modules, each consisting of approximately 7-20 bp of DNA, 
and containing one or more recognition sites for transcrip 
tional activator or repressor proteins. 

[0117] At least one module in each promoter functions to 
position the start site for RNA synthesis. The best knoWn 
example of this is the TATA box, but in some promoters 
lacking a TATA box, such as the promoter for the mamma 
lian terminal deoxynucleotidyl transferase gene and the 
promoter for the SV40 late genes, a discrete element over 
lying the start site itself helps to ?x the place of initiation. 
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[0118] Additional promoter elements regulate the fre 
quency of transcriptional initiation. Typically, these are 
located in the region 30-110 bp upstream of the start site, 
although a number of promoters have recently been shoWn 
to contain functional elements doWnstream of the start site 
as Well. The spacing betWeen promoter elements frequently 
is ?exible, so that promoter function is preserved When 
elements are inverted or moved relative to one another. In 
the tk promoter, the spacing betWeen promoter elements can 
be increased to 50 bp apart before activity begins to decline. 
Depending on the promoter, it appears that individual ele 
ments can function either cooperatively or independently to 
activate transcription. 

[0119] The particular promoter employed to control the 
expression of a nucleic acid sequence of interest is not 
believed to be important, so long as it is capable of directing 
the expression of the nucleic acid in the targeted cell. Thus, 
Where a human cell is targeted, it is preferable to position the 
nucleic acid coding region adjacent to and under the control 
of a promoter that is capable of being expressed in a human 
cell. Generally speaking, such a promoter might include 
either a human or viral promoter. 

[0120] In various embodiments, the human cytomegalovi 
rus (CMV) immediate early gene promoter, the SV40 early 
promoter, the Rous sarcoma virus long terminal repeat, 
[3-actin, rat insulin promoter and glyceraldehyde-3-phos 
phate dehydrogenase can be used to obtain high-level 
expression of the coding sequence of interest. The use of 
other viral or mammalian cellular or bacterial phage pro 
moters Which are Well-knoWn in the art to achieve expres 
sion of a coding sequence of interest is contemplated as Well, 
provided that the levels of expression are suf?cient for a 
given purpose. By employing a promoter With Well-knoWn 
properties, the level and pattern of expression of the protein 
of interest folloWing transfection or transformation can be 
optimiZed. 

[0121] Selection of a promoter that is regulated in 
response to speci?c physiologic or synthetic signals can 
permit inducible expression of the product. For example in 
the case Where expression of a transgene, or transgenes 
When a multicistronic vector is utiliZed, is toxic to the cells 
in Which the vector is produced in, it may be desirable to 
prohibit or reduce expression of one or more of the trans 
genes. Examples of transgenes that may be toxic to the 
producer cell line are pro-apoptotic and cytokine genes. 
Several inducible promoter systems are available for pro 
duction of viral vectors Where the transgene product may be 
toxic. 

[0122] In some circumstances, it may be desirable to 
regulate expression of a transgene in a gene therapy vector. 
For example, different viral promoters With varying 
strengths of activity may be utiliZed depending on the level 
of expression desired. In mammalian cells, the CMV imme 
diate early promoter if often used to provide strong tran 
scriptional activation. Modi?ed versions of the CMV pro 
moter that are less potent have also been used When reduced 
levels of expression of the transgene are desired. When 
expression of a transgene in hematopoetic cells is desired, 
retroviral promoters such as the LTRs from MLV or MMTV 
are often used. Other viral promoters that may be used 
depending on the desired effect include SV40, RSV LTR, 
HIV-1 and HIV-2 LTR, adenovirus promoters such as from 
the EIA, E2A, or MLP region, AAV LTR, cauli?oWer 
mosaic virus, HSV-TK, and avian sarcoma virus. 
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[0123] Similarly tissue speci?c promoters may be used to 
effect transcription in speci?c tissues or cells so as to reduce 
potential toxicity or undesirable effects to non-targeted tis 
sues. For example, promoters such as the PSA, probasin, 
prostatic acid phosphatase or prostate-speci?c glandular 
kallikrein (hK2) may be used to target gene expression in the 
prostate. Similarly, the following promoters may be used to 
target gene expression in other tissues (Table 1). 

TABLE 1 

Tissue speci?c promoters 

Tissue Promoter 

Insulin 
Elastin 
Amylase 
Pdr-1 pdx-1 
Glucokinase 

Liver Albumin PEPCK 
HBV enhancer 
Alpha fetoprotein 
Apolipoprotein C 
Alpha-1 antitrypsin 
Vitellogenin, NF-AB 
Transthyretin 
Myosin H chain 
Muscle creatine kinase 
Dystrophin 
Calpain p94 
Skeletal alpha-actin 
Fast troponin 1 

Pancreas 

Skeletal muscle 

Skin Keratin K6 
Keratin K1 

Lung CFTR 
Human cytokeratin 18 (K18) 
Pulmonary surfactant proteins A, B and C 
CC-1O 
P1 
Sm22 alpha 
SM-alpha-actin 
Endothelin-l 
E-selectin 
Von Willebrand factor 

TIE (Korhonen et al., 1995) 

Tyrosinase 
Lipoprotein lipase (Zechner et al., 1988) 
Adipsin (Spiegelman et al., 1989) 
Acetyl-CoA carboxylase (Pape and Kim, 1989) 
Glycerophosphate dehydrogenase (Dani et al., 1989) 
Adipocyte P2 (Hunt et al., 1986) 

Blood [5-globin 

Smooth muscle 

Endothelium 

Melanocytes 
Adipose tissue 

[0124] In certain indications, it may be desirable to acti 
vate transcription at speci?c times after administration of the 
gene therapy vector. This may be done With such promoters 
as those that are hormone or cytokine regulatable. For 
example in gene therapy applications Where the indication is 
a gonadal tissue Where speci?c steroids are produced or 
routed to, use of androgen or estrogen regulated promoters 
may be advantageous. Such promoters that are hormone 
regulatable include MMTV, MT-1, ecdysone and RuBisco. 
Other hormone regulated promoters such as those respon 
sive to thyroid, pituitary and adrenal hormones are expected 
to be useful in the present invention. Cytokine and in?am 
matory protein responsive promoters that could be used 
include K and T Kininogen (Kageyama et al., 1987), c-fos, 
TNF-alpha, C-reactive protein (Arcone et al., 1988), hapto 
globin (Oliviero et al., 1987), serum amyloid A2, C/EBP 
alpha, IL-1, IL-6 (Poli and Cortese, 1989), Complement C3 
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(Wilson et al., 1990), IL-8, alpha-1 acid glycoprotein 
(ProWse & Baumann, 1988), alpha-1 antitypsin, lipoprotein 
lipase (Zechner et al., 1988), angiotensinogen (Ron et al., 
1991), ?brinogen, c-jun (inducible by phorbol esters, TNF 
alpha, UV radiation, retinoic acid, and hydrogen peroxide), 
collagenase (induced by phorbol esters and retinoic acid), 
metallothionein (heavy metal and glucocorticoid inducible), 
Stromelysin (inducible by phorbol ester, interleukin-1 and 
EGF), alpha-2 macroglobulin and alpha-1 antichymotrypsin. 

[0125] Promoters that could be used according to the 
present invention include Lac-regulatable, chemotherapy 
inducible (e.g. MDR), and heat (hyperthermia) inducible 
promoters, Radiation-inducible (e.g., EGR (Joki et al., 
1995)), alpha-inhibin, RNA pol III tRNA met and other 
amino acid promoters, U1 snRNA (Bartlett et al., 1996), 
MC-1, PGK, and alpha-globin. Many other promoters that 
may be useful are listed in Walther & Stein (1996). 

[0126] It is envisioned that any of the above promoters 
alone or in combination With another may be useful accord 
ing to the present invention depending on the action desired. 
In addition, this list of promoters should not be construed to 
be exhaustive or limiting, those of skill in the art Will knoW 
of other promoters that may be used in conjunction With the 
promoters and methods disclosed herein. 

[0127] Enhancers are genetic elements that increase tran 
scription from a promoter located at a distant position on the 
same molecule of DNA. Enhancers are organiZed much like 
promoters. That is, they are composed of many individual 
elements, each of Which binds to one or more transcriptional 
proteins. The basic distinction betWeen enhancers and pro 
moters is operational. An enhancer region as a Whole must 
be able to stimulate transcription at a distance; this need not 
be true of a promoter region or its component elements. On 
the other hand, a promoter must have one or more elements 
that direct initiation of RNA synthesis at a particular site and 
in a particular orientation, Whereas enhancers lack these 
speci?cities. Promoters and enhancers are often overlapping 
and contiguous, often seeming to have a very similar modu 
lar organiZation. 

[0128] BeloW is a list of promoters additional to the tissue 
speci?c promoters listed above, cellular promoters/enhanc 
ers and inducible promoters/enhancers that could be used in 
combination With the nucleic acid encoding a gene of 
interest in an expression construct (Table 2 and Table 3). 
Additionally, any promoter/enhancer combination (as per 
the Eukaryotic Promoter Data Base EPDB) could also be 
used to drive expression of the gene. Eukaryotic cells can 
support cytoplasmic transcription from certain bacterial pro 
moters if the appropriate bacterial polymerase is provided, 
either as part of the delivery complex or as an additional 
genetic expression construct. 

[0129] In preferred embodiments of the invention, the 
expression construct comprises a virus or engineered con 
struct derived from a viral genome. The ability of certain 
viruses to enter cells via receptor-mediated endocytosis and 
to integrate into host cell genome and express viral genes 
stably and efficiently have made them attractive candidates 
for the transfer of foreign genes into mammalian cells 
(RidgeWay, 1988; Nicolas and Rubenstein, 1988; BaichWal 
and Sugden, 1986; Temin, 1986). The ?rst viruses used as 
gene vectors Were DNA viruses including the papovaviruses 
(simian virus 40, bovine papilloma virus, and polyoma) 
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(Ridgeway, 1988; Baichwal and Sugden, 1986) and aden 
oviruses (Ridgeway, 1988; Baichwal and Sugden, 1986). 
These have a relatively low capacity for foreign DNA 
sequences and have a restricted host spectrum. Furthermore, 
their oncogenic potential and cytopathic effects in permis 
sive cells raise safety concerns. They can accommodate only 
up to 8 kB of foreign genetic material but can be readily 
introduced in a variety of cell lines and laboratory animals 

(Nicolas and Rubenstein, 1988; Temin, 1986). 

[0130] One will typically desire to include a polyadeny 
lation signal to effect proper polyadenylation of the tran 
script. The nature of the polyadenylation signal is not 
believed to be crucial to the successful practice of the 
invention, and any such sequence may be employed such as 
human or bovine growth hormone and SV40 polyadenyla 
tion signals. Also contemplated as an element of the expres 
sion cassette is a terminator. These elements can serve to 

enhance message levels and to minimiZe read through from 
the cassette into other sequences. 

TABLE 2 

ENHANCER 

Immunoglobulin Heavy Chain 
Immunoglobulin Light Chain 

T-Cell Receptor 
HLA DQ 0L and DQ [5 

13-Interferon 
Interleukin-2 

Interleukin-2 Receptor 
MHC Class II 5 

MHC Class II HLA-DROL 

[5-Actin 
Muscle Creatine Kinase 

Prealbumin (Transthyretin) 
Elastase I 

Metallothionein 

Collagenase 
Albumin Gene 

ot-Fetoprotein 
1:—Globin 

[5-Globin 
e-fos 

c-HA-ras 

Insulin 

Neural Cell Adhesion Molecule (NCAM) 
0L1 —Antitrypsin 

H2B (TH2B) Histone 
Mouse or Type I Collagen 

Glucose-Regulated Proteins (GRP94 and GRP78) 
Rat Growth Hormone 

Human Serum Amyloid A (SAA) 
Troponin I (TN I) 

Platelet-Derived Growth Factor 

Duchenne Muscular Dystrophy 
SV40 

Polyoma 
Retroviruses 

Papilloma Virus 
Hepatitis B Virus 

Human Immunode?ciency Virus 
Cytomegalovirus 

Gibbon Ape Leukemia Virus 
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[0131] 

TABLE 3 

Element Inducer 

MT II Phorbol Ester (TPA) 
Heavy metals 

MMTV (mouse mammary tumor (Glucocorticoids 
virus) 
[5-interferon Poly(rI)X 

Poly(rc) 
Adenovirus 5 E2 Ela 
c-jun Phorbol Ester (TPA), H2O2 
Collagenase Phorbol Ester (TPA) 
Stromelysin Phorbol Ester (TPA), IL-1 
SV40 Phorbol Ester (TPA) 
Murine MX Gene Interferon, Newcastle Disease Virus 
GRP78 Gene A23187 
[5-2-Macroglobulin IL-6 
Vimentin Serum 
MHC Class I Gene H-2kB interferon 
HSP7O Ela, SV40 Large T Antigen 
Proliferin Phorbol Ester-TPA 
Tumor Necrosis Factor FMA 
Thyroid Stimulating Hormone or Thyroid Hormone 
Gene 
Insulin E Box Glucose 

[0132] 6. Methods of Gene Transfer 

[0133] In order to mediate the effect transgene expression 
in a cell, it will be necessary to transfer the therapeutic 
expression constructs of the present invention into a cell. 
Such transfer may employ viral or non-viral methods of 
gene transfer. This section provides a discussion of methods 
and compositions of gene transfer. 

[0134] A. Viral Vector-Mediated Transfer 

[0135] In certain embodiments, the nucleic acid sequence 
is incorporated into a viral particle to mediate gene transfer 
to a cell. Typically, the virus simply will be exposed to the 
appropriate host cell under physiologic conditions, permit 
ting uptake of the virus. The present methods may be 
advantageously employed using a variety of viral vectors, as 
discussed below. 

[0136] i) Adenovirus 

[0137] Adenovirus is particularly suitable for use as a gene 
transfer vector because of its mid-siZed DNA genome, ease 
of manipulation, high titer, wide target-cell range, and high 
infectivity. The roughly 36 kB viral genome is bounded by 
100-200 base pair (bp) inverted terminal repeats (ITR), in 
which are contained cis-acting elements necessary for viral 
DNA replication and packaging. The early and late (L) 
regions of the genome that contain different transcription 
units are divided by the onset of viral DNA replication. 

[0138] The E1 region (E1A and E1B) encodes proteins 
responsible for the regulation of transcription of the viral 
genome and a few cellular genes. The expression of the E2 
region (E2A and E2B) results in the synthesis of the proteins 
for viral DNA replication. These proteins are involved in 
DNA replication, late gene expression, and host cell shut off 
(Renan, 1990). The products of the late genes (L1, L2, L3, 
L4 and L5), including the majority of the viral capsid 
proteins, are expressed only after signi?cant processing of a 
single primary transcript issued by the major late promoter 
(MLP). The MLP (located at 16.8 map units) is particularly 
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ef?cient during the late phase of infection, and all the 
mRNAs issued from this promoter possess a 5‘ tripartite 
leader (TL) sequence Which makes them preferred mRNAs 
for translation. 

[0139] In order for adenovirus to be optimiZed for gene 
therapy, it is necessary to maximize the carrying capacity so 
that large segments of DNA can be included. It also is very 
desirable to reduce the toxicity and immunologic reaction 
associated With certain adenoviral products. The tWo goals 
are, to an extent, coterminous in that elimination of aden 
oviral genes serves both ends. By practice of the present 
invention, it is possible achieve both these goals While 
retaining the ability to manipulate the therapeutic constructs 
With relative ease. 

[0140] The large displacement of DNA is possible because 
the cis elements required for viral DNA replication all are 
localiZed in the inverted terminal repeats (ITR) (100-200 bp) 
at either end of the linear viral genome. Plasmids containing 
ITR’s can replicate in the presence of a non-defective 
adenovirus (Hay et al., 1984). Therefore, inclusion of these 
elements in an adenoviral vector should permit replication. 

[0141] In addition, the packaging signal for viral encapsi 
dation is localiZed betWeen 194-385 bp (0.5-1.1 map units) 
at the left end of the viral genome (Hearing et al., 1987). 
This signal mimics—the protein recognition site in bacte 
riophage A DNA Where a speci?c sequence close to the left 
end, but outside the cohesive end sequence, mediates the 
binding to proteins that are required for insertion of the DNA 
into the head structure. E1 substitution vectors of Ad have 
demonstrated that a 450 bp (0-1.25 map units) fragment at 
the left end of the viral genome could direct packaging in 
293 cells (Levrero et al., 1991). 

[0142] Previously, it has been shoWn that certain regions 
of the adenoviral genome can be incorporated into the 
genome of mammalian cells and the genes encoded thereby 
expressed. These cell lines are capable of supporting the 
replication of an adenoviral vector that is de?cient in the 
adenoviral function encoded by the cell line. There also have 
been reports of complementation of replication de?cient 
adenoviral vectors by “helping” vectors, e.g., Wild-type 
virus or conditionally defective mutants. 

[0143] Replication-de?cient adenoviral vectors can be 
complemented, in trans, by helper virus. This observation 
alone does not permit isolation of the replication-de?cient 
vectors, hoWever, since the presence of helper virus, needed 
to provide replicative functions, Would contaminate any 
preparation. Thus, an additional element Was needed that 
Would add speci?city to the replication and/or packaging of 
the replication-de?cient vector. That element, as provided 
for in the present invention, derives from the packaging 
function of adenovirus. 

[0144] It has been shoWn that a packaging signal for 
adenovirus exists in the left end of the conventional aden 
ovirus map (Tibbetts, 1977). Later studies shoWed that a 
mutant With a deletion in the E1A(194-358 bp) region of the 
genome greW poorly even in a cell line that complemented 
the early (E1A) function (Hearing and Shenk, 1983). When 
a compensating adenoviral DNA (0-353 bp) Was recombined 
into the right end of the mutant, the virus Was packaged 
normally. Further mutational analysis identi?ed a short, 
repeated, position-dependent element in the left end of the 
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Ad5 genome. One copy of the repeat Was found to be 
suf?cient for ef?cient packaging if present at either end of 
the genome, but not When moved toWards the interior of the 
Ad5 DNA molecule (Hearing et al., 1987). 

[0145] By using mutated versions of the packaging signal, 
it is possible to create helper viruses that are packaged With 
varying ef?ciencies. Typically, the mutations are point muta 
tions or deletions. When helper viruses With loW ef?ciency 
packaging are groWn in helper cells, the virus is packaged, 
albeit at reduced rates compared to Wild-type virus, thereby 
permitting propagation of the helper. When these helper 
viruses are groWn in cells along With virus that contains 
Wild-type packaging signals, hoWever, the Wild-type pack 
aging signals are recogniZed preferentially over the mutated 
versions. Given a limiting amount of packaging factor, the 
virus containing the Wild-type signals are packaged selec 
tively When compared to the helpers. If the preference is 
great enough, stocks approaching homogeneity should be 
achieved. 

[0146] 
[0147] The retroviruses are a group of single-stranded 
RNA viruses characteriZed by an ability to convert their 
RNA to double-stranded DNA in infected cells by a process 
of reverse-transcription (Cof?n, 1990). The resulting DNA 
then stably integrates into cellular chromosomes as a provi 
rus and directs synthesis of viral proteins. The integration 
results in the retention of the viral gene sequences in the 
recipient cell and its descendants. The retroviral genome 
contains three genes—gag, pol and env—that code for 
capsid proteins, polymerase enZyme, and envelope compo 
nents, respectively. Asequence found upstream from the gag 
gene, termed ‘I’, functions as a signal for packaging of the 
genome into virions. TWo long terminal repeat (LTR) 
sequences are present at the 5‘ and 3‘ ends of the viral 
genome. These contain strong promoter and enhancer 
sequences and also are required for integration in the host 
cell genome (Cof?n, 1990). 
[0148] In order to construct a retroviral vector, a nucleic 
acid encoding a promoter is inserted into the viral genome 
in the place of certain viral sequences to produce a virus that 
is replication-defective. In order to produce virions, a pack 
aging cell line containing the gag, pol and env genes but 
Without the LTR and ‘I’ components is constructed (Mann et 
al., 1983). When a recombinant plasmid containing a human 
cDNA, together With the retroviral LTR and ‘I’ sequences is 
introduced into this cell line (by calcium phosphate precipi 
tation for example), the ‘I’ sequence alloWs the RNA tran 
script of the recombinant plasmid to be packaged into viral 
particles, Which are then secreted into the culture media 
(Nicolas and Rubenstein, 1988; Temin, 1986; Mann et al., 
1983). The media containing the recombinant retroviruses is 
collected, optionally concentrated, and used for gene trans 
fer. Retroviral vectors are able to infect a broad variety of 
cell types. HoWever, integration and stable expression of 
many types of retroviruses require the division of host cells 
(Paskind et al., 1975). 
[0149] An approach designed to alloW speci?c targeting of 
retrovirus vectors recently Was developed based on the 
chemical modi?cation of a retrovirus by the chemical addi 
tion of galactose residues to the viral envelope. This modi 
?cation could permit the speci?c infection of cells such as 
hepatocytes via asialoglycoprotein receptors, should this be 
desired. 

ii) Retrovirus 
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[0150] A different approach to targeting of recombinant 
retroviruses Was designed in Which biotinylated antibodies 
against a retroviral envelope protein and against a speci?c 
cell receptor Were used. The antibodies Were coupled via the 
biotin components by using streptavidin (Roux et al., 1989). 
Using antibodies against major histocompatibility complex 
class I and class II antigens, the infection of a variety of 
human cells that bore those surface antigens Was demon 
strated With an ecotropic virus in vitro (Roux et al., 1989). 

[0151] iii) Adeno-associated Virus 

[0152] AAV utiliZes a linear, single-stranded DNA of 
about 4700 base pairs. Inverted terminal repeats ?ank the 
genome. TWo genes are present Within the genome, giving 
rise to a number of distinct gene products. The ?rst, the cap 
gene, produces three different virion proteins (VP), desig 
nated VP-1, VP-2 and VP-3. The second, the rep gene, 
encodes four non-structural proteins (NS). One or more of 
these rep gene products is responsible for transactivating 
AAV transcription. 

[0153] The three promoters in AAV are designated by their 
location, in map units, in the genome. These are, from left 
to right, p5, p19 and p40. Transcription gives rise to six 
transcripts, tWo initiated at each of three promoters, With one 
of each pair being spliced. The splice site, derived from map 
units 42-46, is the same for each transcript. The four 
non-structural proteins apparently are derived from the 
longer of the transcripts, and three virion proteins all arise 
from the smallest transcript. 

[0154] AAV is not associated With any pathologic state in 
humans. Interestingly, for ef?cient replication, AAV requires 
“helping” functions from viruses such as herpes simplex 
virus I and II, cytomegalovirus, pseudorabies virus and, of 
course, adenovirus. The best characteriZed of the helpers is 
adenovirus, and many “early” functions for this virus have 
been shoWn to assist With AAV replication. LoW level 
expression of AAV rep proteins is believed to hold AAV 
structural expression in check, and helper virus infection is 
thought to remove this block. 

[0155] The terminal repeats of the AAV vector can be 
obtained by restriction endonuclease digestion of AAV or a 
plasmid such as p201, Which contains a modi?ed AAV 
genome (Samulski et al., 1987), or by other methods knoWn 
to the skilled artisan, including but not limited to chemical 
or enZymatic synthesis of the terminal repeats based upon 
the published sequence of AAV. The ordinarily skilled 
artisan can determine, by Well-knoWn methods such as 
deletion analysis, the minimum sequence or part of the AAV 
ITRs Which is required to alloW function, i.e., stable and 
site-speci?c integration. The ordinarily skilled artisan also 
can determine Which minor modi?cations of the sequence 
can be tolerated While maintaining the ability of the terminal 
repeats to direct stable, site-speci?c integration. 

[0156] AAV-based vectors have proven to be safe and 
effective vehicles for gene delivery in vitro, and these 
vectors are being developed and tested in pre-clinical and 
clinical stages for a Wide range of applications in potential 
gene therapy, both ex vivo and in vivo (Carter and Flotte, 
1996; Chatterjee et al., 1995; Ferrari et al., 1996; Fisher et 
al., 1996; Flotte et al., 1993; Goodman et al., 1994; Kaplitt 
et al., 1994; 1996, Kessler et al., 1996; Koeberl et al, 1997; 
MiZukami et al., 1996). 
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[0157] AAV-mediated ef?cient gene transfer and expres 
sion in the lung has led to clinical trials for the treatment of 
cystic ?brosis (Carter and Flotte, 1995; Flotte et al., 1993). 
Similarly, the prospects for treatment of muscular dystrophy 
by AAV-mediated gene delivery of the dystrophin gene to 
skeletal muscle, of Parkinson’s disease by tyrosine hydroxy 
lase gene delivery to the brain, of hemophilia B by Factor IX 
gene delivery to the liver, and potentially of myocardial 
infarction by vascular endothelial groWth factor gene to the 
heart, appear promising since AAV-mediated transgene 
expression in these organs has recently been shoWn to be 
highly efficient (Fisher et al., 1996; Flotte et al., 1993; 
Kaplitt et al., 1994; 1996; Koeberl et al., 1997; McCoWn et 
al., 1996; Ping et al., 1996; Xiao et al., 1996). 

[0158] iv) Other Viral Vectors 

[0159] Other viral vectors may be employed as expression 
constructs in the present invention. Vectors derived from 
viruses such as vaccinia virus (RidgeWay, 1988; BaichWal 
and Sugden, 1986; Coupar et al., 1988) canary pox virus, 
and herpes viruses may be employed. These viruses offer 
several features for use in gene transfer into various mam 
malian cells. 

[0160] B. Non-viral Transfer 

[0161] Several non-viral methods for the transfer of 
expression constructs into cultured mammalian cells are 
contemplated by the present invention. These include cal 
cium phosphate precipitation (Graham & Van Der Eb, 1973; 
Chen and Okayama, 1987; Rippe et al., 1990) DEAE 
dextran (Gopal, 1985), electroporation (Tur-Kaspa et al., 
1986; Potter et al., 1984), direct microinjection (Harland & 
Weintraub, 1985), DNA-loaded liposomes (Nicolau & Sene, 
1982; Fraley et al., 1979), cell sonication (Fechheimer et al., 
1987), gene bombardment using high velocity microprojec 
tiles (Yang et al., 1990), and receptor-mediated transfection 
(Wu & Wu, 1987; Wu & Wu, 1988). 

[0162] Once the construct has been delivered into the cell 
the nucleic acid encoding the therapeutic gene may be 
positioned and expressed at different sites. In certain 
embodiments, the nucleic acid encoding the therapeutic 
gene may be stably integrated into the genome of the cell. 
This integration may be in the cognate location and orien 
tation via homologous recombination (gene replacement) or 
it may be integrated in a random, non-speci?c location (gene 
augmentation). In yet further embodiments, the nucleic acid 
may be stably maintained in the cell as a separate, episomal 
segment of DNA. Such nucleic acid segments or “episomes” 
encode sequences suf?cient to permit maintenance and 
replication independent of or in synchroniZation With the 
host cell cycle. HoW the expression construct is delivered to 
a cell and Where in the cell the nucleic acid remains is 
dependent on the type of expression construct employed. 

[0163] In a particular embodiment of the invention, the 
expression construct may be entrapped in a liposome. Lipo 
somes are vesicular structures characteriZed by a phospho 
lipid bilayer membrane and an inner aqueous medium. 
Multilamellar liposomes have multiple lipid layers separated 
by aqueous medium. They form spontaneously When phos 
pholipids are suspended in an excess of aqueous solution. 
The lipid components undergo self-rearrangement before the 
formation of closed structures and entrap Water and dis 
solved solutes betWeen the lipid bilayers (Ghosh & Bach 
















































